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Project  No.  6X98-01-001,  Military  Envlromiient^l  Medicine 
fTask  01:  Environaental  Medicine 

Subtask:  Psychological  Factors  In  Man's  Response  to  Environment 

Study  1.  A  systematic  Investigation  of  personality  factors  as 

vsorlsbles  related  to  human  behavior  under  environmental 
stress 

Investigator:  B.  J.  Fine,  Ph.D. 

Description: 

Experiments  involving  hunan  subjects  typically  result  in  a  large 
aao\int  of  unaccovinted  for  inter-  and  Intra-subJect  vaz*lablllty.  nils 
variability  tends  to  lessen  the  accuracy  of  predictions  relevant  to  the 
variables  being  Investigated.  Any  means  by  vblch  the  source  of  this 
varlablllly  can  be  identified  and  controlled  vlll  isq^rove  the  efficiency 
of  predictions  derived  from  e^g^rlmental  data.  Personality  characteris¬ 
tics  of  subjects  have  been  shoun  to  be  related  to  many  aspects  of  behavior 
and  the  lack  of  control  of  this  variable  may  be  one  of  the  major  sources 
of  experimental-statistical  error. 

Personality  research  may  also  be  viewed  from  the  standpoint  of 
developing  a  theoretical  approach  to  the  personality-environment  rela¬ 
tionship  which  may  permit  prediction  of  physiological,  psychological, 
bloche8d.cal  suid  other  responses  of  individuals  throuigh  a  knowledge  of 
their  personality  characteristics  and  characteristics  of  the  environment 
to  which  they  are  exposed.  The  project  is  designed  to  determine  the 
personality  dimensions  relevant  to  the  prediction  of  human  behavior  under 
environmental  stresses  and  to  investigate  the  extent  to  which  these 
variables  or  dimensions  can  predict  such  behavior.  Studies  designed  to 
specifically  test  certain  theoretically  derived  hypotheses  will  be  carried 
out.  In  siddltlon,  personality  measures  will  be  obtained  from  studies 
designed  with  other  major  variables  in  mind  in  order  to  determine  the  role 
of  i>ersonallty  in  contributing  to  the  results  of  these  studies. 

Progress; 

Considerable  time  has  been  spent  in  studying  current  approaches  to 
the  study  of  personality  to  determine  dimensions  of  personality  which 
appear  to  be  relevant  to  environmental  variables.  Previous  work  on 
theoretically  and  emplricsLlly  derived  dimensions  of  introverslon-extra- 
verslon,  neurotlclsm  and  psychotlclsm  will,  for  the  time  being,  be  the 
major  i>ersonallty  dimensions  used. 

Data  relevant  to  automobile  driver  accidents  and  violations  were  ob- 
tcined  from  other  investigators  at  the  University  of  Mlimesota  in  an  effort 
to  test  certein  predictions.  Investigations  have  been,  and  are  being. 
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Task  01  (Project  Jk>.  6X96-01-001)  -  Cent 

carried  out  to  detenalne  tbe  role  of  personality  Tsriables  in  predicting 
bxBian  1)ehaylor  under  envizomaental  stress  conditions. 

SuMeary  and  Conclusions; 

A  relationship  hetueen  personality  and  aotor  Tehlele  accidents  and 
Tlolatlcns  has  been  established. 


Project  No.  6X96-01-001,  Military  Eaylronittental  Medicine 

ntsk  01:  Environinental  Medicine 

Subtask:  Studies  of  Indigenous  Populations 

Study  1.  Huasn  enTlronaental  relationships  of  thexmal  stress 
Inrestlgator:  Jack  M.  Plazutlp,  Ph.D. 

Description: 

This  study  consists  of  a  field  study  in  north  central  India,  in  a 
natuiml  enTironment  prorldlng  both  cold  stress  and  a  hicd^  heat  load,  and 
saong  a  population  haring  widely  dlrergent  characteristics  of  nutrition, 
work  regimen  and  sociocultural  status.  The  primary  ohjeetlre  Is  to 
detemlne  how  problems  of  heat  and  cold  stress  asy  be  influenced  and 
modified  by  rarlatlons  in  the  human  environment.  A  further  objective  is 
to  provide  a  basis  for  cosipeurison  with  and  generalisation  to  problems  of 
thexmal  stress  in  military  activities. 

Progress: 

Current  activities  involve  the  stud/  of  available  sources  and  data 
relevant  to  the  problem.,  and  preparation  for  the  initiation  of  field 
study  proposed  for  Hovember  1962. 

Sxnaaary  and  Conclusions: 

The  research  task  is  in  its  beginning  stages. 
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Project  6X98-01-001#  Military  Envlronnental  Medicine 

Task  01:  EnvlrozuBental  Medicine 

Pttbliotionst 

1.  Fine,  B.  J.  Introversion-extrareraion  and  motor  Tctaicle  drlyer 
behavior.  Siibnitted  to  Paychologieal  Beporta. 

2.  Kreidsr,  M.  B.  Pathological  effects  of  extreme  cold  on  man. 
Chapter  in  Medical  Climatology,  Sidney  Idcht,  Bd. ,  1962  (in  press). 


Project  go.  6x98-01-001  i  Military  Enrlronaental  Medicine 

Sasic  02:  The  Biological  Responses  to  Cold 

SubtcMk:  Temperature  Regulation  In  the  Cold 

Study  1.  The  eontrlhutlon  of  non-contracting  muscle  metaholism  to 
non-shlrerlng  theimogenesls 

InTestlgators:  Tbcamts  R.  A.  Dayls,  M.D.,  Fred  R.  VlnsMtnn,  M.S.,  Rbnwn 
L.  Cohen,  B.S.* 

Description: 

Previous  In  vitro  uoxic  using  the  Waxhurg  technique  has  demonstrated 
that  the  tq>take  of  oxygen  in  isuscle  slices  of  the  acclimatized  rat  Is 
greater  than  that  of  the  unaccllmatlzed  rat.  The  present  study  iias  Im¬ 
plemented  to  determine  the  ability  of  non-contracting  In  vIvd  muscle  to 
produce  heat  In  the  cold. 

Progress; 

Ihe  technique  of  Infusing  arterial  blood  at  a  knovn  flov  into  the 
hind  leg  of  the  lightly  anaesthetized  dog  and  measuring  asrterlo-vencnis 
differences  In  os^gen  content  Is  used  In  this  study.  BF  this  means,  the 
oxygen  consumption  of  the  hind  leg  could  be  ascertained  prior  to  cold 
expo8\ire,  during  cold  e^qiosure,  and  after  nerve-section  of  the  sciatic 
nerve  at  the  sciatic  notch.  To  date,  a  group  of  seven  acclimatized  dogs 
has  been  Investigated. 

Sunmaiy  and  Conclusions; 

During  exposure  to  -10 *C,  acclimatized  dogs  Increased  metabolism  of 
the  perfused  area  tiro  to  three  times.  After  nerve  section  metabolism 
did  not  shov  a  statistical,  change.  This  finding  Indicates  that  the 
muscles  of  the  hind  limb  of  the  acclimatized  dog  is  able  to  produce 
thermogenesls  In  the  absence  of  muscular  contraction. 


Coonand,  Natick,  Mass. 
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Project  No.  6X98-01-001>  Military  Environmental  Medicine 


Task  02:  The  Biological  Responses  to  Cold 
Subtask:  Acclimatization  to  Cold 

Study  1.  Mechanisms  of  cold  acclimatization 

Investigator:  Robert  J.  T.  Joy>  Major  MC 
Description; 

Cold  acclimatized  man  may  be  more  resistant  to  cold  lnj\iry  -  a  fact 
demonstrated  for  laboratory  animals.  Human  cold  acclimatization  has  been 
demonstrated  In  this  laboratory.  The  next  stage  In  this  research  Is  a 
study  of  mechanisms  of  cold  acclimatization  In  man,  vfalch  will  aJJLov 
prophylactic  said  therapeutic  Intervention  In  the  futtire.  An  Investiga¬ 
tion  of  possible  cal  A.T/hir><»VMimi  r>Ai  changes  In  nan  Is  a  basic  first 
step  towsord  imderstandlng  the  mechanism  of  action  of  cold  acclimatiza¬ 
tion.  This  study  defines  one  such  possible  mechanism. 

Progress; 

Norepinephrine  has  been  suggested  as  a  mediator  of  non-shlverlng 
themogenesls  In  the  cold  acclimatizing  rat,  with  a  decline  In  shl\erlng 
accGoqpenled  by  an  Increane  In  vasopressor  ai^  eiQ.origenlc  responses  to 
exogenous  honnone.  A  seaurch  for  parallel  flndljigs  In  man  ban  shown  a 
decline  In  shivering  with  maintenance  of  beat  production.  A  study  of 
further  mechanisms  of  pfayslologlcaLL  cold  acclimatization  In  man  Is  re¬ 
ported  here.  Hlne  healthy  meLLes,  aiges  23-2^,  were  Infused  with  nore¬ 
pinephrine  (0.1$  tig/Kg/mln }  for  20  minutes  before  and  aiter  five  40 
hour  weeks  of  semi-nude  expostu?e  to  All  infusions  were  performed 

In  the  banal  state.  In  a  quiet  room  at  80*F  (siibjects  nxide),  auFter  a 
30-mlnute  period  of  control  measurement  s.  Rectal  tenperatxires  and 
respiratory  rates  were  unchanged  either  by  the  drug  or  the  Intervening 
cold  exposure.  The  drug  increaned  respiratory  minute  volumes  and  tidai. 
volumes,  and  decreased  heart  rates,  but  equally  so  In  both  experiments. 
Mean  skin  tei^peratures  were  unai'fected  by  the  drug  but  were  signifi¬ 
cantly  (p<.02^)  higher  aiter  cold  exposure  (mean  1.9*^)>  The  drug- 
induced  Increane  above  basatl  of  systolic  and  diastolic  blood  pressures 
was  significantly  lower  (p<.02^)  ai1;er  cold  exposure.  Oxygen  consxnop- 
tlon  wan  the  same  In  both  basai.  periods  and  wan  unaffected  by  the  drug 
before  cold  exposure.  After  cold  exposiire,  norepinephrine  produced  a 
significant  (x><.02^)  Increase  In  oxygen  consumption  (mean  l8  cc/rsixi/Vr). 
These  results  sbbv  a  changed  sensitivity  to  norepinephrine  In  cold  ex¬ 
posed  man,  with  a  decreane  In  vasopressor  response  and  the  development 
of  a  calorlgenlc  effect  of  the  drug.  The  data  suggest  that  in  men,  as 
In  the  rat,  norepinephrine  may  be  a  mediator  of  a  non-shlverlng  thexno- 
genesis  occurring  with  cold  acclimatization. 
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Smnaiy  and  Conduslons; 

Man  has  a  specific  cellular  response  to  the  cold  accUoatlzlng  process, 
deoonstrated  by  an  Increased  responsiveness  to  a  calorLgsnlc  agent  -  norepine¬ 
phrine.  This  study  demonstrates  for  the  first  time  a  true  biochemical  change 
In  cold-acclimatized  man,  and  makes  possible  future  esq^loratlon  of  other 
mechanisms  of  CMtlon. 


Project  Ho.  6X98-01-001,  Military  Enrlroninental  Medicine 


Task  02:  The  Biological  Besponses  to  Cold 
Subtask:  Accllaatlzatlon  to  Cold 

Study  2.  Cold  exposure  and  acclimation  in  alloxan  diabetic  rats 
Investigator:  Bobert  H.  Poe,  Capt.,  MC 
Description: 

Cold  accUnatlzatlon  involves  certain  metabolic  alterations  in  both 
man  and  idileh  are  believed  to  result  in  an  increased  resistance 

to  cold  Injuxy.  The  control  of  these  alterations  is  to  a  large  degree, 
endocrine,  and  inmii in  is  one  of  the  endocrlnes  so  incriminated.  This 
study  is  an  investigation  as  to  the  role  of  insulin  in  cold  accllmatiza> 
tlon  in  the  rat. 

Progress: 

The  diabetic  rat  offers  the  unlqpe  approach  to  the  study 

of  the  role  of  insulin  in  cold  acclimation  in  that  ve  have  an  animal 
that  has  a  deficiency  of  insulin  tmd  insulin  alone.  Twenty  alloxan 
diabetic  and  twelve  control  rats  were  exposed  to  lt-"C  for  forty-two  days. 
It  was  fo\]nd  that  the  alloxan  diabetic  rats  had  a  significantly  greater 
mortality  rate,  incidence  of  cold  injury,  and  tendency  to  shiver  less 
before,  during,  and  after  cold  acclimation  than  did  their  controls. 
Additional  woxk  is  now  underway  to  investigate  the  diabetic  animal's 
ability  to  mobilize  tisstie  glycogen  in  the  cold. 

Sunaary  and  Conclusions: 

Insulin  is  indirectly  related  to  the  process  of  cold  acclimatiza¬ 
tion  and,  in  the  rat  at  least,  plays  a  role  in  resistance  to  cold  injury. 
It  was  demonstrated  for  the  first  time  that  the  alloxan  diabetic  animal 
reacts  to  cold  in  sooevdiat  of  a  different  manner  than  the  normal  and  is 
more  susceptible  to  cold  injury. 
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Project  Ifo,  6x98-01-001,  Military  Emrlronaental  Medicine 

nisk  02:  a3ie  Biological  Reeponeee  to  Cold 

Svibtask:  Accllnatlzation  to  Cold 

Study  3.  Obe  iise  of  infra-red  heat  liuqpe  as  a  test  of  cold 
accllnatlzation  reaction 

Investigator:  Russell  W.  TTmian,  Fh.D. 

Description: 

IMs  study  is  designed  to  establish  a  reliable  technique  capable  of 
field  application  on  large  nuzbers  of  subjects  iihleh  vlll  reflect  the  state 
of  cold  acclimatization  idien  cosqpared  to  previous  or  future  trials  on  the 
same  subject. 

Progress : 

Three  studies  have  been  carried  out  and  a  fourth  study  initiated  during 
FY-62: 


1.  Mlnimvia  heat  requlreaents  during  cold  accllauitlzation 

a.  Ten  subjects  who  vere  imdergolng  a  flve-veek  cold  acclima¬ 

tization  at  ^*C  (study  1,  this  Subtask)  vere  subjected  to  six  veekly  trials. 
Each  subject  vas  e:q;K>sed  to  for  80  minutes  dressed  only  in  shorts  and 

lying  on  a  laced-veb  cot.  The  subject  vas  sxxrrounded  by  ei^t  250-ifatt 
infra-red  heat  lamps.  The  test  consisted  of  the  subject  allowing  himself 
to  chill  to  the  limit  of  his  tolerance,  followed  by  the  briefest  possible 
rewarmlng  under  the  heat  lamps.  The  cycle  of  cooling  and  revamlng  con¬ 
tinued  for  the  duration  of  the  80  minute  trial. 

b.  The  average  amount  of  heat  required  per  trial  decreased  by 
approximately  half  for  the  10-aan  groTip  over  the  course  of  the  cold  accli¬ 
matization  (significant  at  the  level).  This  could  be  Interpreted  as  an 
Increased  tolerance  to  acute  chilling  or  an  Increased  ability  to  rewarm 
under  the  superficial  stimulus  of  the  heat  laaqps  or  a  comblxmitlon  of  both. 
Althou^  the  results  of  this  study  were  positive  and  reasonably  reliable, 
the  test  placed  an  acute  stress  on  the  sibject  and  required  a  very  hle^ 
level  of  subject  motivation.  It  does  not  appear  to  be  entirely  satisfactory 
for  the  objective  of  this  work. 
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2.  Threshold  of  cold  dlsccaifort  during  cold  accUnstlsetlon 

a.  The  saae  ten  subjects  uho  took  pert  In  the  Htnlausi  Heet 
Req^lrssMnts  Study  (peregreph  1  above )  underwent  weeUy  trials  designed 
to  pinpoint  the  sensory  lerel  between  costfort  and  islld  cold-dlscostfort 
\islng  the  sssie  tes^rature  condition  and  heat  laaq^  as  In  1  above.  For 
this  study  the  wattage  output  of  the  heat  lai^  was  controlled  by  the 
subject  throuf^  a  notor-drlven  Toltage-regulator,  and  the  subject  In¬ 
creased  the  wattage  as  he  felt  cold  and  decreased  the  wattage  as  soon 

as  he  felt  ware  over  a  30-«lnute  exposure. 

b.  No  significant  change  occurred  In  the  wattage  requlre- 
■ents  of  the  ten  sidsjects  over  the  course  of  cold  acclimatization.  This 
■ay  have  been  due  to  technical  difficulties  In  the  test  since  It  was 
almost  Impossible  to  aster  the  heat  so  that  the  extrealtles  were  In 
balance  with  the  rest  of  the  body.  On  the  other  hand.  It  Is  possible 
that  the  resvtlts  would  have  been  the  same  even  without  the  eztresd.ty 
problos.  The  sensory  perception  of  the  level  of  mild  cold  dlsccafort 
may  not  change  In  a  six-week  period  even  thou|^  the  acclimatized  subject 

can  tolerate  far  more  cold  stress  than  was  possible  prior  to  acclimatization. 

3.  Shivering  level  response  to  Increasing  cold  stress 

a.  A  variation  of  the  tests  reported  In  1  and  2  above  was 
used  on  19  subjects  at  four  dry-bulb  tofqperatures :  -fltO*?,  ■f32*F,  •f2U*F 
and  +16*F.  The  subject  wearing  shorts  and  socks  lay  for  50  sdnutes  on 
the  cot  used  In  previous  studies  and  turned  on  elf^t  373-watt  infra-red 
heat  la^Ts  for  10  seccmds  each  time  he  felt  a  gross  bo^  shiver.  The 
purpose  of  the  heat  lamps  was  to  provide  Just  sufficient  heat  to  prevent 
the  sxibject  from  going  into  a  continuous  gross  shivering  coxidltlon. 

b.  No  reliability  data  were  collected  in  this  study  since 
each  subject  underwent  the  test  only  once  at  each  tenqperature  condition. 

The  averam  nmber  of  gross  shivers  per  ejqposure  Increased  significantly 
(l^  level)  with  decreasing  tea^ratiure  as  would  be  esq^cted.  The  data 
are  being  analyzed  for  further  Information. 

4.  Seasonal  cold  acclimatization  In  a  tactical  airborne  unit 

A  seasonal  study  of  responses  to  a  test  similar  to  that  used 
In  paragraph  3  above  was  Iziltiated  in  July  1962.  Thlrty-slz  subjects  of 
the  U.S.  82nd  Airborne  Division  at  Fort  Bragg,  N.  C.  were  processed  through 
a  30-mlnute  eaposure  to  +33*F  in  a  portable  climatic  chamber.  Thirty-one 
of  these  subjects  were  processed  throufd^  the  test  twice  in  a  three-week 
period  and  Showed  good  rellabill^  in  the  nusber  of  gross  shivers  recorded. 
Three  subsequent  tests  on  the  same  subjects  are  planned  for  the  fall  of 
1962  and  the  winter  and  spring  of  I963  to  follow  seasonal  changes  in  the 
shivering  response. 
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Stnmary  and  ConclTislone; 

The  three  stiidles  reported  In  peragrephs  1,  2  and  3  ahore  irere  designed 
to  e^q^ore  the  feasibility  and  Instrusentatlon  reqtilresMnts  of  the  objective. 
The  fourth  stiidy  iras  successful  In  the  collection  of  Initial  data  for  a 
longitudinal  study  of  seasonal  changes,  but  Its  viltlsuite  success  cannot 
be  predicted  at  this  tine. 


Pro.lect  Ifo.  6X98-01-001.  MlUtTV  Enrl r oiaiental  Medicine 

Task  02:  Biological  Besponses  to  Cold. 

Siibtask:  Acclljiatlzatlon  to  cold 

Stiidy  4.  Cold  accUnAtlsatloa  and  cold  tolerance  In  nan 

Inrestlgators :  T.RJL.  DstIs,  M.D.,  R.J.T.  Joy,  Major,  MC,  T.E.  Dee,  M.S., 

W.L.  Goddard,  B.S.,  F.R.  Winsaann,  M.S. 

Description: 

Studies  were  carried  out  to  determine  If  accUnatlzatlon  to  cold  cam 
be  Induced  In  nan  and  vfaether  or  not  this  results  In  an  Increased  tolerance 
to  the  effects  of  cold. 

Progress : 

Studies  establishing  the  ability  of  aan  to  accUsuitlze  to  cold  as 
measured  by  the  Indices  of  body  tesperature,  heat  production  and  shlrerlng, 
together  with  subjectlre  Indices  of  greater  tolerance,  hawe  been  cosq^leted. 

!Bie  first  phase  of  the  tolerance  study  has  Just  been  coopleted.  Ten 
stlbJectB  were  acclimatized  for  fire  weeks  to  3*C  In  shorts  for  a  period  of 
8  hours  dally.  Prior  to  this  period  of  acclimatization,  the  responses  to 
a  standard  escposure  of  one  hour  to  5*C  were  measured.  After  acclimatization, 
the  responses  were  measured  during  a  one-hour  ea^sure  on  separate  occasions 
to  toqimratures  of  +5,  0,  -5  cuad  -10*C  In  order  to  determine  the  temperature 
at  which  the  responses  of  body  temperature,  surface  temperature,  oxygen  con- 
sraiptloa,  and  shlrerlng  eqpate  those  obtained  at  5*C  prior  to  acclimatization. 
The  difference  between  $*C  and  the  lower  tesqperature  will  Indicate  the  In¬ 
crease  In  tolerance  achlered  by  acclimatization.  Work  on  data  is  still  In 
progress . 

Si— ary  and  Conclxislons : 

Ihe  c<aspleted  studies  hare  doionstrated  that  man  acclimatizes  to  cold  by 
a  decrease  In  shlrerlng,  a  decrease  In  energy  erqpendlture,  a  lowering  of  body 
teiqperature  and  an  Increase  In  non-shlrerlng  thermogenesis  In  the  cold.  These 
changes  can  be  Induced  by  cold  ezposure  In  the  chamber  or,  of  clothli^  Is  re¬ 
duced,  under  natisral  conditions.  !Ihe  Induced  changes  axe  not  Infliaenced 
per  se  by  heat  acclimatization  and.  If  the  cold  acclimatization  Is  maximal. 

It  Is  retained  orer  a  x>erlod  of  at  least  one  simmier.  dhe  data  ccaqpleted  so 
far  on  tolerance  deawmstrate  that  acclimatization  Increases  tolerance  by  a 
10*C  shift  In  respionse  to  shlrerlng  and  a  6*C  shift  In  cold  induced  metabolin. 
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Project  No.  6X98-01-001,  Military  EnvlronmentetL  Medicine 
Task  02:  The  Biological  Responses  to  Cold 
Subtask:  Acclimatization  to  Cold 

I 

Study  5.  Changes  in  body  conposltlon,  cyclic  vasodilatation  and  body 
heat  storage'  in  cold  acclimatization 

Investigators:  R.  F.  Goldman^  Ph.B.  and  G.  Newcomb,  M.A. ,  in  conjunction 
with  a  research  project  of  Major  R.  J.  T.  Joy 

Description: 

I3ie  basic  physiologic  alterations  that  occur  during  the  "cold  acclima¬ 
tization  process"  in  man  are  still  mostly  based  on  conjecture  drawn  from 
ftniTiw.1  studies.  In  conjunction  with  Study  1,  this  Subtask,  preliminary 
investigations  of  several  possible  physiologic  alterations  were  cairled  out. 

Progress: 

The  following  measurements  were  made  on  ten  subjects  durlz:g,  before, 
and  after  cold  acclimatization: 

a.  Total  body  heat  store  and  skin  and  core  temperature  relations; 

b.  Percent  body,  fat  and  subcutaneous  and  depot  fat  relations; 

c.  The  "Lewis"  response  (huirtlng  response)  which  is  a  cyclic 
vasodilatation  of  the  digital  vasculature  during  cold  exposure  of  the  hand. 
It  is  hoped  that  the  results  obtained  mig^t  yield  a  better  understanding 
of  the  process  of  acclimatization  to  cold.  The  data  are  being  analyzed. 

Summary  and  Conclusions; 

Preliminary  analysis  siiiggests  that  total  body  heat  storage  and  skin 
and  core  tengwrature  relatione  (item  a)  are  not  altered  detectably  and  that 
both  items  b  and  c  deserve  further  investigation.  • 


13 


Project  No.  6X98-01»001.  Military  Emrlroiaiental  Medicine 
IDask  02:  ^e  Biological  Responses  to  Cold 

Subtask:  Biology  and  pbamacology  of  responses  to  cold  stress 

Stiidy  1.  Cardiovascular  response  on  the  tllt> table  to  conblned  cold, 
starvatl(»i  and  Inactivity 

Investigators:  M.B.  Krelder,  Ph.D.  and  J.A.  Vaviifhan* 

Description: 

The  ability  of  the  cardiovascular  systen  to  maintain  the  blood  pressure 
stnd  pulse  rate  during  orthostatic  chaoige  Is  believed  to  reflect  the  fitness 
of  the  cardiovascular  system,  ^us,  a  greater  rise  of  pulse  rate  and  fall 
In  blood  pressure  during  titling  aeeuis  a  deterioration  In  csurdlovascular 
adjustment . 

Both  starvation  and  Inactivity  have  been  shown  to  produce  a  deteriora¬ 
tion  In  this  adjustment  while  the  effect  of  cold  expostire,  alone  or  cob¬ 
's  blned  with  starvation  and  Inactivity,  Is  unknown. 

Progress : 

The  effect  of  coBq;>lete  starvation  and  Inactivity  was  studied  during  a 
2-week  period  of  expos\ire,  seal-nude,  to  60*F  with  sedentary  activity  and 
cosqilete  caloric  restriction.  Six  soldiers  were  measured  a  total  of  13 
times  before,  dxirlng  and  after  the  period  of  exposure.  TSie  Harvard  Step 
TTest  was  also  perfomed  before  and  after.  The  study  has  been  conpleted 
and  a  rough  draft  of  a  report  has  been  prepared. 

Svsiary  and  Conclusions: 

The  difference  In  systolic  pressure  between  the  tilted  and  horizontal 
positions  Increased  during  the  ej^sure  period  emd  then  decreased  to  below 
the  control  level  by  the  second  day  of  recovery.  These  changes  are  be¬ 
lieved  to  be  due  mainly  to  the  cold  becaxise  recovery  frosi  starvation  and 
Inactivity  might  be  expected  to  require  a  longer  time .  Harvard  Step  Tests 
before  and  after  the  exposure  period  also  confirm  a  madntalned  or  Increased 
fitness.  Pulse  rate  differences  between  the  tilted  auid  horizontal  ]^sltlon 
remained  xinchanged  during  the  eiqposure  period  but  Increased  silently  diurlng 
recovery.  This  suggests  a  sUj^t  decrease  of  fitness. 

It  nay  be  concluded  that,  even  though  an  immediate  decrease  Is  taking 
place  In  the  fitness  of  the  cardiovascular  system,  the  overall  effect  of 
this  e:q>osure  Is  an  Increase  In  fitness  which  Is  probably  due  to  the  train¬ 
ing  effect  of  the  constant  cold  on  this  system. 


*CARl-TAk,  Oklahoma  City,  Oklahoma 
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Project  Wo.  6X98»01t>001.  Mllltaxy  Environmental  Medicine 
Task  03:  The  Biological  Responses  to  Heat 
Sribtask:  Teaperatxire  regulation  In  the  heat 

Sttidy  1.  Physiological  responses  to  hot-vet  environments 

Investigators:  F,F.  lampletroj  Ph.D.*,  E.B.  Green,  M.A.,  D.E.  Bass,  Ph.D. 
a:^  R.F.  Goltean,  Fh.D. 

Description: 

!Ihls  study  vas  Initiated  to  develop  a  simple  meems  of  predicting  the 
tolerance  limits  over  a  vide  range  of  hot  environments  vising  a  body  tesqpera- 
tirre  of  102. 5 *F  for  a  heart  rate  of  I80  Beats^hn  as  the  cutoff  polntv  during 
exposure.  Previous  experiments  vere  performed  In  vblch  nude  sMn  sat  quietly 
over  the  range  of  environmental  conditions:  80-130*FDB,  65-110*PVB,  and  a 
system  for  the  prediction  of  "tolerance"  of  nude,  sedentary  men  vas  developed 
from  the  data,  A  nomogram  vas  prepared  from  the  equation  vhose  general  form 
is:  TT  -  a  (vp)2  +  b  (VP)(DB)  +  c  (DB)^  vhere  TT  ■  tolerance  time,  minutes  VP 
vapor  pressure  im  Hg,  DB  ■  dry  bvilb  *F  and  a,  b,  and  c  are  constants. 

Progress ; 

Additional  ea^rlments  vere  performed  to  determine  the  validity  of  this 
prediction  system,  Ihe  effect  of  prior  acclimatization  to  vork  In  the  heat 
on  the  ability  to  tolerate  hot-hvnld  climates  vas  briefly  e:qplored.  It  vas 
found  that  tolerance  to  hot-vet  environments  can  be  reliably  estimated  vising 
the  prediction  system  susntloned  above.  Statist! ceJ.  ansilysls  of  the  data  are 
being  performed  to  point  out  the  limits  of  the  systm. 

Svmmary  and  Conclusions; 

Any  combination  of  dry  and  vet  bvilb  tenqperatures  producing  an 
ambient  vapor  pressure  of  42  mm  Hg  or  less  can  be  endured  for  at  least 
3  hours.  Prior  acclimatization  to  vork  in  the  heat  appears  to  be  of 
little  Importance  in  Its  effect  on  tolerance  under  the  conditions  of 
these  experiments.  A  series  of  graphs  relating  tolerance  time  to  ambient 
vapor  pressure,  to  Wet  Bulb  Globe  Temperature  (^WBGT)  and  to  ambient  dry 
bvilb  tenqperature  have  been  prepsured.  The  best  fit  of  the  experimental 
data  occvurs  vfaen  the  relationship  betveen  tolexence  time  and  WBGT  Is  vised. 


•  ^<<IARI-FAA,  C^klahotts  Cltyj^  Oklshcxna 
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Ft-oject  No.  6x98-01-001,  Military  Envlronntental  Medicine 


Task  03:  The  Biological  Responses  to  Heat 

Subtask:  !nie  Biology  and  Hiannacology  of  Responses  to  Heat  Stress 
Study  1.  The  relation  of  "blood  flow  to  intestinal  absorption. 

•If 

Investigator:  E.  D.  Jacobson,  Major,  MC 
Description: 

It  has  been  shown  that  intest inetl  absorption  of  fat  and  protein  Is 
affected  by  blood  flow  to  the  gut,  i.e.  reduced  blood  flow  is  associated 
with  reduced  or  delayed  absorption-  Little  is  known  about  the  effects 
of  reduced  blood  flow  to  the  gut  on  intestinal  absorption  of  carbohy¬ 
drates.  The  purpose  of  this  study  is  to  determine  whether  such  reduced 
blood  flow  affects  Intestinal  absorption  of  carbohydrates  that  ere  (a) 
passively  absorbed  and  (b)  actlvelyi  absorbed. 

Progress  and  Conclusions; 

Experiments  on  dogs  revealed  that  reduction  of  blood  flow  to  the 
gut  does  not  decrease  absorption  of  carbohydrates  until  blood  flow  is 
entirely  cut  off. 

Preliminary  findings  on  healthy  young  soldiers  indicate  that 
exercise  in  the  heat  —  a  condition  associated  with  reduced  gut  blood 
flow  —  does  not  significantly  reduce  Intestinal  absorption  of  sugeurs. 


*WRAIR,  Washington  12^  D.  C. 
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Pro.lect  No.  61X98-01-001.  Mllltetry  Enylronmental  Medicine 


Task  03:  The  Biological  Responses  to  Heat 

Subtask:  The  Biology  and  Riannacology  of  Respoiuses  to  Heat  Stress 

Study  2.  The  effect  of  salicylate  on  men  exercising  In  the  heat 
Investigators:  E.  D,  Jacobson,  Major,  MC  and  David  E.  Bass,  Fh.D. 
Description: 

Salicylates  are  vldely  used  febrlfuglc  agents.  Men  exercising  In 
the  heat  develop  hyperthermia.  Studies  were  \mdertaken  to  detenalne 
vhether  salicylates  would  reduce  the  hyperthermia  of  men  walking  in 
simulated  desert  or  Jungle  conditions  and  \diether  salicylates  would 
accelerate  the  acclimatization  to  heat  that  chronic  exposure  confers. 

Progress  and  Conclusions: 

1.  Hl£^  dose  salicylate  administration  resiilted  in  higher  rectcUL 
temperatures  and  sweat  losses  than  control  or  low  dose  regimens  during 
acute  exposure  to  exercise  In  the  heat  in  either  desert  or  Jungle 
climates . 


2.  Acclimatization  to  exercise  In  the  heat  was  impeded  but  not 
prevented  by  salicylate  administration  while  the  drug  was  given. 


*WRAIR,  Washington  12,  D.  C. 
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Project  go.  6x96-01-001,  Mllltty  ItaVlrona^ntai  Medicine  ■ 

03:  nie  Blologlcel  Responses  t6  He*t  '  '' ' ' 

Siditask:  The  Biology  end  PhsiiBseology  of  R^spohMs  to  Hftht  MStress 

‘‘  ■  .  '  •’•1.  '■*  ;  ' -T  /‘i*  »  ■- ;  t:  ' 

Stuid^  3*  The  body  beat  store  of  aen  working  in  the  heat 
Investigator:  R.  F.  Goldaaa>  Fh.D. 

Description I  « 

An  apparent  dichotony  exists  between  the  asdical  status  of  a  fauaaa 
with  a  rectal  teaperature  of  102. 3*F  (39*1*C)  at  rest  and  the  saae 
indiridual  working  with  a  rectal  tenqperature  of  104*F  (40*C).  An  ana¬ 
lysis  and  cooqparlson  of  the  total  body  beat  storage  as  calculated  from 
skin  and  rectal  teaperature  and  as  calculated  from  known  Increments  of 
metabolic  beat  production  in  an  envlronaent  where  cospensatlon  for  in¬ 
cremented  heat  production  by  additional  sweat  evaporation  is  impossible 
should  help  resolve  this  dichotomy.  Additionally  these  data  will  be 
subjected  to  a  dynamic  analysis  to  determine  the  lags,  time  constants 
and  mathematical  transfer  functions  for  the  body  beat  storage  resulting 
from  a  step  metabolic  beat  input.  The  results  of  this  analysis  will  be 
useful  in  setting  tqp  a  computer  simulator  for  the  human  temperature 
regulatory  system. 

Progress: 

Ten  subjects  were  exposed  to  an  environment  of  104*P  d.b.  98*P  v.b., 
an  environment  In  which  evaporative  heat  transfer  Is  severely  limited, 
but  heat  accumulation  is  slow  enough  Just  to  allow  safely  for  a  tbree- 
boTur  exTOsure  at  rest  (rectal  temperature  102. 5*P  (39*1*C)  at  three  houirs 
at  rest).  Metabolic  heat  production  was  measured.  Skin,  rectal,  am¬ 
bient  wet  bulb,  dry  bulb  and  globe  temperatures  were  continuously  re¬ 
corded.  Total  weight  loss  and  water  intake  during  es^sure  were 
tabulated.  Observations  were  mode  during  resting  exposures  and  on 
three  days  on  which  a  single  fifteen  minute  treadmill  walk  at  different 
energy  expenditures  (eq]aivalent  to  total  metabolic  heat  increments  of 
23,  50  and  7$  KCal)  Interrupted  the  otherwise  identical  resting  three 
hour  e:q>osure.  An  aurbitraxy  exposure  texmlnation  rectal  teaperature 
of  102. 5*F  (39.1*C)  at  rest  was  adopted,  thus  reducing  exposure  time. 

The  computer  Is  being  programsed  to  perform  most  of  the  necessary  cal¬ 
culations.  A  future  study  is  being  planned  where  periodic  metabolic 
Increments  will  be  used  so  that  the  freg^ency  domain  analysis  corres¬ 
ponding  to  the  present  time  damain  analysis  will  be  available  to  check 
the  model  of  the  hnmnn  thermal  response  derived  from  the  present  study. 

Sumaary  and  Conclusions; 

The  Increases  In  body  beat  storage  seem  well  correlated  with  the 
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TiMk  03  (Project  Kb.  6X96.01^1)  .  Cont 

asounts  of  extra  heat  prodneed  hjr  each  of  the  three  vozk  lerels.  Thus, 
ae  it  aas  hoped,  the  hodj  vas  unable  to  dissipate  the  extra  heat  and  it 
should  he  poBsihle  to  relate  the  redaction  in  tolerance  tine  to  body 
heat  storace,  as  veil  as  to  the  neasured  rectal  tsnpesrature. 
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lampletro,  P.  F.,  M.  Mager  and  E.  B.  Green.  Some  physiological  cbemges 
accompanying  tetany  Induced  by  exposure  to  hot,  wet  conditions.  J.  Appl. 
Hiyslol.  16:1j09,  1961. 
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P3x>Ject  Mo.  6X98-01-CX)1,  Military  Eavlroniaental  Medicine 
TeuBk  04:  Biology  of  Work 
Subtask:  Physics^.  Conditioning 

Study  1.  Changes  In  specific  gravity  and  body  fat  In  overweight 
female  sidolescents  as  a  result  of  weight  reduction 

Investigator:  R.  F.  Ooldasny  Ph.D. 

O 

Description: 

While  data  are  available  for  the  body  composition  of  adults  In  terns 
of  percent  body  fat  standards >  auid  some  Infoxtnatlon  is  available  with 
regard  to  changes  In  body  composition  vlth  altered  csd.orlc  Intake,  very 
little  has  been  done  to  provide  egulmlent  Infonaatlon  for  the  adoles¬ 
cent.  A  cooperative  Investigation  of  these  facets  was  therefore  Ini¬ 
tiated  on  a  gro\Q)  of  obese  adolescent  girls  attending  a  weight  redaction 
sumtMr  C8119. 

Progress; 

Underwater  weighing  and  residual  l\mg  volume  detexmlnatlons  were 
used  to  establish  the  specific  gravity  in  3*»-  overweight  female  atdoles- 
cents  (Means:  age  15  years,  height  6h  inches,  weight  166  lbs)  before  and 
after  seven  weeks  program  of  diet  and  exercise.  The  percent  body  fat 
determined  from  the  specific  gravity  measurements  will  be  correlated  with 
other  anthropometric  measurements,  but  the  sttjdy  Is  ccmpleted  In  so  far 
as  the  specific  gravity  determinations  alone  are  concerned. 

Symnnary  and  Conclusions; 

Initially  some  40  to  of  the  body  weight  of  this  population  was 
fat.  During  the  seven  week  program,  average  weight  loss  was  ik  lbs.,  of 
which  90^  was  determined  to  be  fat  using  the  specific  gravity  meastirements . 
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Project  Wo.  6X96-01 -001,  Mlllteury  EnvlroiimenteJ.  Medicine 
Task  04:  Biology  of  Work 

Subtask:  Work  Performance  and  Fatigue  In  Military  Tasks 
Study  1.  The  energy  cost  of  load  carriage 
Investigators:  R.  F.  Goldman,  Ph.D.  and  P.  F.  laiq^ietro,  Ph.D.* 
Description: 

A  compilation  of  energy  requirements  for  military  tasks  vms  under¬ 
taken  In  response  to  the  frequent  need  for  this  Information  in  providing 
best  estimate  solutions  to  many  military  problems.  Ihiavallable  data  mas 
determined  experimentally,  particularly  the  relationship  between  grade 
and  load  and  progression  rate. 

Progress: 

Measurements  of  oxygen  consunptlon  were  obtained  on  soldiers  walking 
on  treadmills  at  sj>eeds  of  1.^  to  4  miles  per  hour,  grades  of  3>  6  and  9 
percent  with  loads  of  10,  20  and  30  Kg.  This  study  Is  nov  cogQ>leted. 

Simnnary  and  Conclusions: 

Within  the  ranges  studied,  energy  cost  was  proportional  to  the 
total  weight  displaced  (l.e.  energy  cost/unit  mass  for  a  given  speed 
and  grade  was  a  constant  independent  of  the  proportioning  between  subject 
weight  and  load).  The  data  Integrated  well  with  available  values  for 
level  walking  In  the  literature  and  a  graph  was  constructed  for  predictive 
use. 


*CARI-FAA,  Oklahoma  City,  Oklahoma 


23 


Project  No.  6X98-01-001,  Military  Environmental  Medicine 
Task  0l4-;  Biology  of  Work 

SuBtask:  Work  Ferfon&axice  emd  Fatigue  in  Military  Tasks 

Study  2.  Effect  of  reduced  ration  and  method  of  load  carriage  on 
physical  fitness  and  energy  es^ndlture. 

InTestlgators:  M*  B.  Krelder,  Ph.D. ,  J.  A.  Va\aghan,'’''  T.  E.  Bee,  M.S., 
H.  Banson  and  C.  J.  Grass 


Description; 

This  study  va^  dcslSQ<2d  to  determine  the  effect  of  reduced  ration 
and  method  of  load  carriage  on  physical  fitness  and  energy  expenditure 
of  small  groups  of  men  operating  on  the  Greenland  Icecap.  The  Icecap 
vas  selected  because  It  provided  more  realistic  conditions  than  the 
laboratory  environment  and  because  this  area  provided  someuhat  unusual 
conditions  uhlch  have  not  been  Investigated  for  their  effect  on  nan. 


*  » 

To  acquire  this  information  tTienty  soldiers  hiked  ten  miles  a  day 
on  snovshces  during  2>10  day  periods  pulling  a  load  on  sleds  or  carrying 
It  partly  on  their  backs  and  partly  on  sleds  on  full  or  reduced  (40  per¬ 
cent  reduction  below  voluntary  Intake)  rations.  Fitness  was  measxured  by 
the  Harvard  Step  Test  suid  later  conpeured  with  other  indices  of  fitness.  A 
new  method  of  determining  energy  ei^ndlture  during  walking  based  on  the 
respiratory  volunM  was  utilized  which  was  simple  for  field  use  and  allowed 
measurements  to  be  made  over  a  long  period  of  time.  The  study  has  been 
coiqpleted,  the  data  analyzed  and  a  rough  dbcaft  of  the  report  has  been 
prepared. 

Stnnmary  and  Conclusions; 

Reduction  of  caloric  Intake  of  39  percent  for  ten  days  during  a 
period  of  hard  exercise  did  not  alter  the  physical  fitness  as  measured  by 
the  Harvard  Step  Test,  but  did  Increase  the  irritability  emd  the  feeling 
of  fatigue.  Energy  expenditure  calculated  on  body  weight  basis  during 
sled  p\illlng  did  not  decreaeTe  on  the  reduced  caloric  Intedse.  Weight  was 
carried  more  efficiently  on  the  sled  t2)an  on  the  back  during  walking  on 
the  level  surface  of  the  Icecap.  Energy  expenditure  was  higher  In  the 
afternoon  than  morning.  It  appeared  that  the  monotony  of  living  on  the 
barren  Icecap  aggravated  morale  problems. 


W’GARI-FAA,  Okledioma  City,  Oklahorr  ' 
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Project  No.  6X98r01~001.  Military  Envlroninental  Medicine 
Task  04:  Biology  of  Woric 

Subtask:  Effects  of  Climate  on  Task  Performance 

Study  1.  Manual  performance  as  a  function  of  climatic  variables 
Investigator:  B.  E.  Clark,  Fh.D. 

Description: 

Variation  In  climatic  variables  is  known  to  produce  changes  In  htnnan 
behavior  capability.  This  program  of  work  Is  aimed,  at  the  prediction  emd 
explanation  of  these  changes.  All  ten  known  basic  psychomotor  responses 
are  to  be  studied  as  functions  of  climatic  variables.  The  objective  is  to 
gain  predictive  power  for  field  performance  of  men  when  any  psychomotor 
response,  or  combination  of  responses,  is  involved. 

Progress : 

Studies  have  been  completed  regarding  three  further  factors  that 
determine  mamial  performance  capability  in  the  cold:  practice  level,  the 
thermal  conditions  of  training,  and  contralateral  hand  cooling. 

• 

Smanary  and  Conclusions; 

• 

After  approximately  ten  trials  on  a  task  which  requires  movement  of 
the  finger  Joints,  practice  level  does  not  relate  to  changes  in  response 
decrement  during  cold  exposinre.  Ihe  thermal  conditions  of  training  are  ' 
highly  relevant  to  later  performance  capability  under  any  condition  of 
exposTire.  For  manual  hindrance  to  be  minimal,  both  warm  emd  cold  hemd 
experience  are  required  eetrly  in  leeuning.  Cooling  of  the  contralateral 
hemd  while  a  warm  hand  Is  performing  on  a  task  led  consistently  to  a 
facilitation  of  man\wl  performance.  However,  when  the  performing  hemd 
was  itself  cold,  contralateral  hemd  temperatures  were  foimd  to  be 
Irrelevant . 
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Task  04:  Biology  of  Work 

Publications; 

1.  Golcboan,  R.  F.  and  P.  F.  langoletro.  The  energy  cost  of  load 
carriage.  J.  Appl.  Physiol.  17:675,  1962. 

2.  Clark,  R.  E.  and  C.  £.  Jones.  Manual  performance  during  cold 
exposure  as  a  function  of  practice  level,  and  the  thermal  conditions  of 
training.  J.  Appl,  Psychol..  1962  (in  press). 
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Project  No.  6X98-01-001,  Military  EgrLronniental  Medicine 

Uisk  06:  Biological  Considerations  In  the  Design  of  Engineered  Enrlronments 

Suhtask:  Biological  limits  and  Reqtilreaents  A|Tectlng  the  Design  of 
e  Conrentional  Clothing  Systems 

Study  1.  Heat  transfer  between  clothed  man  and  ei^ronment 
Inyestlgator :  A.  H.  Woodcock,  Ph.D. 

Description; 

Since  clothing  Is  the  primary  method  used  to  protect  msm  from  ex> 
treme  envlronmentaLl  conditions.  It  is  essential  that  the  fundaments^m  of 
this  form  of  protection  be  clearly  understood.  During  World  War  II  the 
quantitative  concept  of  the  Insulating  value  of  clothing  and  the  rela¬ 
tion  of  heat  loss  to  this  Insulation  and  the  environmental  temperature 
marked  the  beglmilng  of  a  basic  science  of  clothing.  Since  that  time  In¬ 
vestigations,  often  of  a  theoretical  nature,  have  been  carried  on  to 
determine  the  basic  capabilities  and  limitations  of  clothing  In  all  en¬ 
vironments.  A  new  concept  of  a  range  of  environmental  conditions  over 
which  nan  caui  maintain  thermal  balsmce  has  been  Introduced.  Since  the 
upper  Unit  of  this  range  represents  heat  stress  emd  the  lower  cold 
stress  a  generalized  treatment  of  all  environments  can  be  used.  Using 
this  It  can  be  shown  that  althou^^  Increased  clothing  Insulation  haul  a 
basic  advamtage  of  reducing  heat  loss  from  the  skin  In  cold  envlroiBMnts, 

It  also  has  a  basic  disadvamtage  of  reducing  the  range  over  which  thermal 
balauice  can  be  malntailned .  Tt'eatment  of  clothing  properties  has  been 
divided  Into  two  basic  peurts,  the  first  dealing  with  equilibrium  con¬ 
ditions  amd  the  second  with  non-equlUbrlmi  or  dynamic  conditions. 

Using  the  latter  technique,  the  only  existent  Interpretation  of  "damp 
penetrating  cold"  has  been  suggested. 

Progress ; 

Previous  work  has  been  consolidated  for  publication  In  the  open 
literature,  with  a  thorough  review  of  previous  Uteratiure.  A  new  tech¬ 
nique  for  measuring  transient  heat  flow  throu^^  clothing  has  been  de¬ 
vised  and  with  It  earlier  theoretical  predictions  have  been  confirmed. 

Using  these  techniques  the  advamtages  and  dlsadvamtaiges  of  moisture 
absorbent  textiles  such  as  wool  auid  non-absorbent  materials  such  as  the 
newer  synthetics  have  been  pointed  out.  Heat  stress  Indices  which  have 
previously  been  based  on  nude  man  are  being  Investigated  and  modified 
to  Include  clothing  parameters. 
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flinmtiRTy  and  Conclusions; 

A  science  of  protective  clothing  Is  helng  evolved  vhlch  can  he 
applied  to  all  environments,  nils  vlU  Indicate  the  theoretical  limita¬ 
tions  of  and  capahllltles  of  clothing  as  a  protective  device.  In  addi¬ 
tion,  It  provides  the  hasls  for  stress  Indices  for  clothed  man. 


« 
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Project  Wo.  6X96-01  f»001j  Military  Eavlronaental  Medicine 

Task  06:  Biological  Considerations  in  the  Design  of  Engizieered  Environ¬ 
ments 

Subtask:  Biological  Lindts  and  Req]aiareinents  Affecting  tlie  Design  of 
Specialized  Systems  vhlch  Influence  the  Soldier's  Mlcroen- 
Tlronnent 

Study  1.  Tolerance  tine  for  work  in  the  beat  idien  wearing  CBR 
protective  clothing  ensembles 

Investigators:  R.  F.  Goldman^  Ph.D.  and  G.  Revcoznb,  M.A. 

Description 

Stxidies  at  Caagp  Pickett,  Virginia  in  i960  on  CBR  protective  clothing 
had  to  be  aborted  when  it  became  apparent  that  the  degree  of  physiologic 
strain  associated  with  wear  of  these  ensembles  (vhlch  have  a  restricted 
vapor  permeability)  in  the  beat  vas  extreme.  The  objective  of  this  pro¬ 
gram  vas  a  careful  detezulnatlon  of  the  reduction  of  tolerance  time  for 
work  in  the  heat  produced  by  wearing  the  current  CBR  ensembles. 

Progress: 

Preliminary  chamber  studies  vere  conducted  and  indicated  that 
tolerance  (Tr  102. 5*F;  pulse  I80  bpm)  for  moderate  woxk  (300  Kcal/hr 
would  be  reached  in  less  than  one  hour  for  soldiers  enclosed  in  current 
CBR  protective  clothing  iqrstems  even  at  temperate  ambient  teoqperatures. 

A  field  stoidy  was  carried  out  to  delineate  this  reduction  of  the  ability 
to  work.  Soldiers  vore  tvo  different  CBR  ensembles  both  "open"  for  ven¬ 
tilation  and  "closed"  for  CBR  protection  while  marchlzig  at  3*2$  mph  (30  min. 
march,  10  min,  rest)  at  Ft.  Lee,  Virginia  during  Ai^gust  I96I.  This  study 
is  now  completed.  * 

Simanary  and  Conclusions: 

At  roughly  75*1’’  aoiblent  temperature  or  above,  the  inability  to 
dissipate  by  sweat  evaporation  the  metabolic  heat  produced  by  the  working 
soldier  dominated  any  effects  of  aadsient  temperatures  (19  to  9S*F),  re- 
s^LLtlng  in  tolerance  times  (102. (34.1"C)  rectal  temperatvire )  of 
approximately  30  minutes  for  a  3 opb  march  while  wearing  either  CBR 
protective  ensesible. 


Project  No.  6X98-01«001,  Military  EmrlroimentaJ.  Medicine 

Task  06:  Biological  Considerations  in  the  Design  of  Engineered 
Environments 

Subtask:  Blologlccd  limits  and  Regulrenents  Affecting  the  Deiljsn  of 
Specialized  Systeeus  which  Infliience  the  Soldier's  Micro- 
enrlronnent 

Study  2.  Eval\iation  of  sobm  Intraclothlng  hot  ed.r  distribution 
systems  for  revazmlng  nan 

Inrestlgators :  R.  F.  Goldman,  Ph.D.,  in  cooperation  with  C&GHD,  OMRSiB 
Ccnmand 

Description; 

O 

Development  work  had  been  initiated  on  improving  the  usual  heated 
shelter  method  of  rewarmlng  troops  in  cold  enrlronments  by  using  Intra¬ 
clothlng  hot  air  distribution  systesu.  Physiologic  evaluation  of  several 
systesui  was  \mdertaken  in  response  to  a  request  from  C&GM  Division,  QHRd^ 
Conaand. 

Progress : 

It  was  impossible  to  induce  rewarmlng  of  the  extremities  in  inactive 
soldiers  at  -i(0*  in  spite  of  a  naximimi  heat  input  to  the  torso  surface 
(enough  to  Induce  nauseai  equivalent  whole  body  insulation  valvie  20*  do). 
It  was  even  impossible  to  maintain  extremity  temperature  by  continuous 
application  of  such  torso  heating.  However,  heat  provided  directly  to 
the  extremities  appears  efficient  for  rewarmlng. 

Stanary  and  Conclusions; 

Hie  major  requirement  for  auxiliary  heating  (if  not  the  only  require¬ 
ment)  is  direct  heat  supply  to  the  hands  emd  feet. 
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Pro.lect  No.  6X98-01-001,  Military  Environmental  Medicine 

Task  06:  Biological  Considerations  in  the  Design  of  Engineered  Environ¬ 
ments 

Subtask:  Biological  Limits  suid  Requirements.  Affecting  the  Design  of 
Specialized  Systems  which  Influence  the  Soldier's  Microen¬ 
vironment 

Study  3-  Auxiliary  heating  for  inactive  soldiers  in  the  cold 
Investigator:  R.  F.  Goldman,  Fh.D. 

Description:  o 

The  present  required  military  characteristic  for  cold  weather  cloth¬ 
ing  specifies  that  the  inactive  soldier  he  provided  8  hours  of  tolerance 
at  -40°F,  3  mph  wind.  Even  with  the  hest  available  Arctic  clothing  en¬ 
semble,  within  one  or  two  hours,  finger  temperatures  and  within  two  or 
three  hours  toe  temperatures  drop  to  near  danger  levels  vhen  soldiers 
remain  inactive  at  -UO^F.  In  response  to  a  request  from  C&MO  Division, 
QMR&E  Command,  research  was  xmdertaken  on  the  feasibility  of  providing 
auxiliary  heating  with  minimum  power. 

Progress: 

Using  a  knit  glove  and  sock  with  integral  electrical  resistance 
wiring  for  heating,  a  series  of  six  chamber  studies  was  conducted:  to 
relate  power  supplied  to  finger  and  toe  temperature  maintained;  to 
select  optimum  maintenance  temperature  levels;  to  evaluate  overshoot, 
lag  and  power  conservation  using  a  cyclic  power  system;  to  determine 
thermostat  desirability,  physical  location  and  set  points;  and  to  develop 
within  eui  8  lb.  limit  a  practical,  portable  power  supply  and  auxiliary 
heating  kit  adequate  to  allow  the  required  military  characteristic  to 
be  met. 

Sxnnmary  and  Conclusions; 

A  6J-  lb.  battery  vest  (120  w/hr  capacity)  and  thermostated,  knit  • 
wired  gloves  and  wired  insulated  boots  is  adequate  for  6  hotirs  of  toler- 
emce.  Meeting  the  8  hour  requirement  within  an  8  lb.  limit  is  now 
dependent  on  the  state  of  the  art  in  portable  power  supply.  The 
physiologic  requirements  and  design  parameters  are  now  known.  Heating 
the  extremities  .with  5  watts  per  hand  and  slightly  less  per  foot  is 
adequate  to  maintain  finger  and  toe  temperatures  of  approximately 
60°F  if  heat  is  supplied  continuously.  If  the  heated  handwear  and 
footwear  is  thermostated,  these  power  requirements  must  be  doubled 
to  overcome  the  lag  of  the  system  which  allows  the  skin  surface  temper¬ 
ature  to  feuLl  below  60°F.  However,  since  the  hands  emd  feet  are  re¬ 
warmed  to  above  60°F  by  the  rewaiming  overshoot  which  accompanies  the 
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thermostat  lag>  the  actual  total  power  consun^lon  for  the  inactive  in¬ 
dividual  is  the  sane  as  vfaen  the  continuous,  Tinthezmostated,  heaters  are 
used.  Thus,  thermostat Ing  does  not  conserve  power  if  the  subject  remains 
inactive,  hut  of  course  does  during  periods  of  activity,  when  auxiliary 
heating  Is  unnecessary.  Calculation  hais  shown  that  this  amount  of  heat 
Input  per  se  is  not  enouc^  to  produce  the  finger  and  toe  temperatures 
ohserved  under  these  amhlent  conditions.  It  appears  that  the  supplied 
heat  releases  the  vasoconstriction  In  the  extremity  which  Is  In  Isorge 
part  vanned  hy  the  increased  circulation  of  the  hody  heat.  ISie  resiilt- 
ant  sll^t  drop  In  core  temperature  Is  readily  compensahle  by  metabolic 
processes. 
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Project  Wo.  6X98-01"001j  Military  EnYlronmental  Medicine 

Task  06:  Biological  Conalderatlona  in  the  Dealga  of  Engineered  Enrlron- 
menta 

SxibtaBk:  Biological  Limits  and  Regulrementa  Affecting  the  Design  of 
Specialized  Systems  ufalch  Influence  the  Soldier's  Mlcroen- 
Tlronment 

Study  k.  Derelopment  of  a  thexmallhrlum  suit 
Investigators:  R.  F.  Goldman,  Ph.D.  and  G.  Neucomb,  M.A. 

Description: 

Present  cmd  envisioned  future  requirements  for  GBR  protection 
require  encapsulation  of  the  soldier.  A  long  tern  program,  the 
"thexmallbrlum  suit"  project  to  develop  an  encapsulated  clothing 
system  with  Integrally  powered  suit  environment  conditioner  hM  been 
undertaken  by  the  Advanced  Projects  Office,  C&CBt  Division.  C?{R8£C. 

ARIEM  Is  providing  the  necessary  physiologic  research  to  de'/elop  the 
engineering  design  parameter  for  such  a  system. 

Progress: 

An  Initial  study  was  carried  out  using  ventilation  with  aadblent 
air  (23  ctm.)  to  cool  subjects •  walking  3.25  nqph  In  a  research  model 
encapsulated  suit  system  under  simulated  teogperate  (70*^  50^  R«H. ) 
tropic  (83*F,  7^^  R*H)  and  desert  (llO*F,  20j(  R.H.  )  environments.  Sweat 
production,  sweat  evaporation,  metabolic  heat  production  and  body  heat 
storage  were  measured  and  balance  (steady  state)  equations  applied  to 
estimate  convective^ radiative  and  evaporative  exchange. 

S\mmary  and  Conclusions: 

Preliminary  data  analysis  indicates  that  sweat  production  Is 
adequate  to  provide  the  reqiulred  cooling  under  all  three  environmental 
conditions.  The  efficiency  of  sweat  evaporation  (evaporation  produc¬ 
tion)  In  the  temperate  condition  is  about  0.70,  adequate  for dissipation 
of  metabolic  heat  and  achievement  of  thermal  bcQance.  However,  In  the 
tropic  and  desert  environments  this  efficiency  Is  at  present  only  about 
0.U2,  with  an  efficiency  of  0.^^  apparently  required.  Design  changes 
in  the  clothing  system  (e.g.  improvement  of  wetted  surface  area  for 
evaporative  transfer,  better  distribution  of  the  ventilating  air  and 
reducing  present  head  gear  weight)  cue  being  made.  However,  It  Is 
already  obvious  that  the  approach  Is  feasible  physiologically  since 
sweat  production  has  not  yet  reached  maximum, and  adequate  enthaJ.py 
potential  of  the  ventilating  air  Is  available.  This  Is  Indicated  by  the 
fact  that  exhaust  air  is  less  than  saturated,  under  the  test  conditions 
described.  Lower  flow  rates  cure  also  feasible  since  the  exhaust  air 
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tenperature  la  irell  l)elov  akin  temperature  for  the  tropic  and  tej^perate 
enylronsienta.  Ihla  project  will  be  a  continuous  one  for  several  years. 
The  Infozvatlon  derived  has  of  course  general  applicability  to  a  vide 
range  of  problems  (e.g.  space  suits). 
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Task  06:  Biological  Considerations  In  the  Design  of  Engineered  Environ¬ 
ments 

Puhllcatlons; 

1.  WoodcoQk,  A.  H.  Moisture  Permeability  Index  -  a  new  Index  for 
describing  evaporative  heat  transfer  throu£^  fabric  systems. 

Command  Tech.  Rpt.  EP-l49j  June  1961. 

2.  Goldman,  R.  F.  Evaliuitlon  of  some  Intraclothing  hot  air  dis¬ 
tribution  systems  for  rewaxmlng  man.  QMR&E  Command  Res.  Study  Rpt. 
Ihy-2,  Jvily  1962. 
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Project  No.  6X99-26-001,  Basic  Research  In  Life  Sclencee 
Task  09:  Hiysiology 

Subtask:  Plinctions  of  Tissues,  Organs  and  Organ  Systems 

Study  1.  !nie  relation  of  blood  flow  to  gastric  secretion 
Investigator:  E.  D.  Jacobson,  Major,  MC 
Description: 

To  determine  vhether  gastric  secretion  Is  a  function  of  gutrlc 
blood  flow. 

Progress  and  Conclusions: 

1.  When  gastric  blood  flow  Is  Increased,  the  rate  of  gMtrlc  secre 
tlon  Increases  and  the  resistance  to  blood  flm  decreases. 

2.  When  gastric  blood  flow  Is  reduced,  the  rate  of  gastric  secre¬ 
tion  declines  and  the  resistance  to  blood  flow  Increases. 

3.  Drugs  which  stimulate  the  rate  of  gastric  secretion,  namely 
histamine,  acetyl  choline,  gastrin  and  bradyklnln,  also  decrease  the 
resistance  to  blood  flow  In  the  stomach. 

4.  Norepinephrine,  which  Inhibits  gastric  secretion.  Increases  the 
resistance  to  blood  flow  In  the  stomach. 


^WRAIR,  Washington  12,  D.  C. 
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Task  09:  Hiysiology 

S\ibtask:  Functions  of  Tissues,  Organs  emd  Organ  Systems 

Study  S.  Ibe  evaluation  of  polyethylene  glycol  In  the  estimation 
of  Intestinal  fluid  volvime 

It 

Investigator:  E.  D.  Jacobson,  Major,  MC 
Description: 

The  non-absorbable  marker  technique  for  estimating  gut  fluid  vol- 
Tsnes  employing  PEG  has  not  been  validated  despite  widespread  use  of 
this  agent  In  human  studies.  An  evaluation  was  undertaken. 

Progress  and  Conclusions: 

Close  agreement  was  found  In  perfusion  experiments  between  values 
for  gut  fluid  volxsne  estimated  volumetrlcally  and  by  the  marker  technique. 
Dlscrepemcles,  however,  appeared  when  small  volumes  Instilled  in  gut 
segments  were  estimated  by  the  two  methods.  Analysis  of  the  data  In¬ 
dicates  that  the  PEG  estimates  are  more  accurate  than  measurements  made 
by  removing  fluid  from  the  gut.  I^e  PEG  technique  appears  validated  for 
Intact  human  and  animal  studies. 


* 


*WRAIR,  Washington  12,  D.  C- 
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Task  09:  Physiology 

Subtask:  Rinctlons  of  Tissues,  Organs  and  Organ  Systems 

Study  3.  Changes  in  coeigulation  and  fibrinolytic  mechanisms  as  the 
result  of  exposure  to  heat,  exercise  and  cold 

Investigator:  W.  F.  Blatt,  Ph.D. 

Description: 

Ihe  coagulation  and  fibrinolytic  mechanisms  have  been  implicated 
in  the  reaction  of  animals  and  men  to  acute  and  chronic  exposiire  to  vary¬ 
ing  environmental  stress  situations.  It  is  necessary  to  delineate  these 
changes  so  that  appropriate  parenteral  therapy  may  be  instituted  vhere 
necessary.  ‘ 

Progress : 

Methods  for  the  analysis  of  coagulant  and  fibrinolytic  activity 
have  been  instituted.  Samples  from  men  subjected  to  environmental  stress 
have  been  obtained  and  are  uMer  cxirrent  investigation. 

Conclusions : 


Project  No.  61X99-26-001,  Basic  Reseetrch  In  Life  Sciences 
Task  09:  Physiology 

Subtask:  Functions  of  Tissues,  Organs  and  Organ  Systems 
Study  Humoral  regulation  of  blood  platelet  levels 
Investigators:  V.  F.  Blatt,  Ih.D.  and  D.  P.  Cooney,  M.D. 

Desgrlptlon: 

It  has  been  suggested  that  control  of  blood  platelet  levels  may  be 
under  humoral  regulation.  Isolation  and  characterization  of  the  re¬ 
sponsible  agents  Is  of  Importance  In  those  conditions  whereby  altered 
platelet  levels  may  be  of  clinical  significance  (thronibocytopenia  and 
throobocytosls) . 

Progress: 

Two  agents  capable  of  influencing  platelet  levels  have  been  ex¬ 
tracted  frcm  bovine  spleens.  A  report  on  the  current  status  of  this 
work  has  been  delivered  to  the  Office  of  The  Surgeon  ^General  and  a 
presentation  of  resxilts  has  been  given  at  a  meeting  at  Oak  Ridge, 
Tennessee  on  "Recent  develojiaents  on  studies  of  blood  platelets." 

Conclusions: 


None. 
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Task  09:  Hiyslology 

Subtask:  Functions  of  Tissues,  Organs  and  Organ  Systems 

Study  5*  Biochemical  responses  to  environmental  stress 
Investigators:  W.  F.  Blatt,  Ri.B.  and  M.  Mager,  Ri.D. 

Description: 

Subtle  biochemical  responses  imderlle  all  physlologlceil  adaptations 
to  acute  emd  prolonged  stress.  (Die  purpose  of  this  subtask  Is  to  define 
the  biochemical  responses  to  heat  and  cold  stress,  and  to  relate  them 
to  associated  physiologic  adaptations. 

Progress: 

Workphase  (l):  Changes  In  circulating  plasma  free  fatty  acids 
(FFA)  associated  with  cold  exposure  (Mager). 

Since  It  has  been  demonstrated  that  circulating  FFA  Increases  with 
administration  of  epinephrine  and  noreplnexdirlne,  changes  In  plasma 
and  urinary  catecholamines  may  Indicate  the  Interrelationship  of  these 
substances  In  various  stress  conditions .  In  dogs  and  men  exposed  to 
prolonged  periods  of  cold  stress,  plasma  FFA  levels  were  detexnlned 
prior  to,  during,  and  following  exposure.  In  another  cold  study,  FFA 
determinations  were  znade  on  men  Infused  with  noreplne;]^lne  prior  to 
and  Immediately  following  a  5-weeks  exposure  period,  and  also  during 
periods  of  Induced  shivering.  Samples  were  also  obtained  for  the  de¬ 
termination  of  epinephrine  emd  norepinephrine  levels  in  plasma  and  urine 
throu^out  the  entire  course  of  the  study. 

Workphase  (2):  Stress  Induced  changes  in  urinary  protein  composi¬ 
tion  (l%ger  and  Blatt). 

A  complete  biochemical  examination  of  urinary  proteins  has  been 
Initiated  In  an  attempt  to  characterize  the  changes  Induced  by  heat, 
exercise  and  cold  stress.  Urine  samples  were  obtained  following 
varied  periods  of  exposure,  and  the  soluble  materials  concentrated 
and  assayed  for:  total  solids,  protein  distribution,  lipoprotein 
content,  enzymatic  activity,  and  Immunologic  identity  with  plasma 
components . 
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Workphase  (3):  efTects  of  environmental  stress  on  plasma 

protein  composition  (Blatt). 

Serum  protein  composition  is  altered  in  a  variety  of  pathologic  con¬ 
ditions.  These  may  reflect  changes  In  nutritional  status  or  changes  In 
metabolic  pathways.  It  appeared  necessary  to  delineate  the  changes  In 
protein  emd  lipoprotein  composition  In  men  e^qposed  to  prolonged  periods 
of  heat  and  cold.  Soldiers  were  subjected  to  varying  degrees  of  en¬ 
vironmental  stress  and  serum  sasq^des  obtained  following  varying  periods 
of  expos\ire.  Electrophoretograms  of  protein  and  lipoprotein  composition 
were  obtained  and  the  results  will  be  compeared  with  patterns  obtained 
from  nozmal  non-stressed  Individuals. 

Summary  and  Conclusions; 

Final  evaluation  for  edl  phases  awaits  coe^etlon  of  analysis. 
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Task  09:  Physiology 

Subtask:  PVinctlons  of  Tissues,  Organs  aiid  Organ  Systems 

Study  6.  ^nie  location  of  temperature  regulating  centers  In  the  eat 
brain  stem 

Investigator:  G.  Clark,  Ph.D. 

Description: 

To  develop  a  better  \mderstandlx]g  of  the  central  nervous  processes 
of  temperattire  regulation. 

Progress: 

Three  eats  vlth  huge  transverse  lesions  at  the  level  of  the  optic 
chlasma  have  been  prepared,  ^ey  are  novr  maintaining  relatively  normal 
temperatures  at  usual  ambient  temperattires  and  two  are  now  eating 
spontaneously.  Three  cats  vlth  a  heml section  at  and  a  secox:d  contra¬ 
lateral  hemlsectlon  at  C7,  mldbraln  and  pnterlor  hypothalamus,  respec¬ 
tively,  have  been  prepared  The  one  ■vr’tii  the  -  Cy  hemlsectlon  proves 
to  have  about  the  same  remaining  abilities  to  regulare  body  temperature 
as  a  transection  at  Cy.  The  other  two  have  normal  ability  to  withstand 
heat  (as  measured  by  panting  level)  while  their  body  teiiQ)eratures  drop 
precipitously  In  the  cold.  Another  hemlsectlon  and  2  with  heml- 
sectlons  In  the  anterior  mldbraln,  2  between  superior  and  Inferior 
colliculi,  and  2  at  caudal  border  of  mldbraln  have  been  prepared  and 
are  awaiting  a  second  operation. 

Summary  and  Conclusions: 

There  Is  no  crossing  of  nerve  fibers  subserving  either  shivering 
or  alterations  In  peripheral  vasculatrire  In  the  region  between  C^^  and 
Cy.  Furthermore,  there  Is  little  or  no  crosslzig  of  such  Impulses  be¬ 
tween  the  anterior  hypothalamus  and  C^.  This  Indicates  that  there  are 
probably  no  subsidiary  centers  In  the  lower  brain  stem  for  shivering 
and  ixDsslbly  none  for  the  vascular  responses  to  a  cold  stimulus. 
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Project  Ho.  6!X99-26-001.  Basle  Research  In  Life  Sciences 
Task  09 J  Physiology 

Siibtask:  P\mctlons  of  Tissues^  Organs  and  Organ  Systems 
Study  7.  The  mechanism  of  myelin  sheath  staining 
Investigators:  G.  Berube,  B.S.  and  G.  Clark,  Fh.D. 

Description: 

This  study  Is  designed  to  realize  more  of  the  potential  Information 
afforded  by  myelin  sheath  stains . 

Progress: 

By  means  of  various  blocking  procedures  (hlstochemlcal.)  and  con¬ 
trolled  deamination  It  has  been  possible  to  shov  that  a  secoxidary  amine 
Is  the  essential  grouping  for  myelin  sheath  stains  of  the  Well  and 
Ihosphotungstlc  Acid  types;  Luxol  East  Blue,  PAS  emd  Lendrum's  Phloxlne 
Teurtrazlne  methods  each  utilize  different  functional  groups,  but  do  not 
stain  secondary  amines: 

Stain  Functional  Group 

Well  Secondary  Mnina 

PTAH  Secondary  amine 

Luxol  Acid  OH  (?) 

Lendrum's  Phloxlne 

Tartrazlne  ?? 

PAS  °  Vicinal  OH 

Summeiry  and  ConcluslomB: 


None. 


Pro.iect  Mb.  6X99-26-001,  Basic  Research  In  Life  Sciences 
Task  09:  Ihyslology 

Subtask:  Hinctlons  of  Tissues,  Organs  and.  Organ  Systems 

Study  8.  The  spixial  localization  of  the  shivering  pathway  In  the 
spinal  cord 

Investigators:  G.  Clark,  Eh.D.  E.  B.  Green,  M.A. 

Description: 

There  Is  no  good  Infoxnatlon  concerning  the  spinal  pathway  for 
shivering.  This  study  was  designed  to  develop  a  better  understanding 
of  the  central  nervous  processes  of  temperature  regulation. 

Progress: 

Six  cats  were  prepared  with  dlfferlxig  partial  lesions  of  spinal 
cord.  All  ultimately  walked,  but  two  were  never  able  to  void  spon¬ 
taneously.  Despite  the  varying  locations  of  the  spinal  cord  lesion 
all  e:dilblted  the  same  effects  on  shivering  when  exposed  to  cold  or 
given  a  moderate  dose  of  neinbutal.  All  of  these  cats  could  shiver, 
but  the  shivering  belovr  the  lesions  (as  conpared  to  areas  with  normal 
innervation)  was  sporadic,  of  low  an^lltude  and  required  a  very  low 
skin  temperature.  These  eoilmals  have  been  sacrificed  and  their  spinal 
cords  are  now  being  prepared  for  study. 

Sunmetry  and  Conclusions: 

Data  to  date  would  indicate  either  that  the  pathway  Is  diffuse 
or  that  possibly  two  descending  pathways  are  present,  one  possibly 
acting  primarily  on  the  gamma  system  while  the  other  acts  on  anterior 
horn  cells. 
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Subtask:  Cellular  Biology- 


Study  1,  rhe  lipids  of  human  "bovine  platelets  and  their  thronibo- 
plastic  activity 

Investigators:  D.  G.  Therriault,  Ih.D.  and  E.  E.  Woodside,  fh.D. 
Description: 

It  has  been  shown  that  lipid  extracts  of  "blood  platelets  will 
cause  an  acceleration  of  blood  coagulation.  Althouc^  there  is  general 
agreement  that  -bhe  coagulant  effect  of  platelets  is  related  in  some  way 
to  their  phospholipid  content,  opinion  is  by  no  means  unifonu  as  to  the 
number  of  different  compotmds  invol-ved.  The  purpose  of  the  present 
study  was  to  sepeurate  and  identify  the  phospholipid  components  of 
platelets  emd  deteznine  -the  clothing  acti-Tity  of  each. 

Progress: 

By  means  of  a  column  chromatographic  technique,  humam  and  bovine 
platelets  -were  found  to  con-tain  free  cholesterol,  triglycerides, 
diglycerides,  monoglycerides  and  phospholipids.  Satiirated  and  un¬ 
saturated  hydrocarbons,  esterified  cholesterol  and  non-esterified 
fatty  acids  cotild  not  be  detected.  Of  these,  only  the  phospholipids 
exhibited  clot  promoting  activity.  A  comb iiMit ion  of  countercurrent 
distribution  and  column  chromatography  was  used  to  isolate  and  iden¬ 
tify  fi-ve  major  components  of  the  phospholipid  fraction: 
phosphatidylserine,  phosphatidylethanolamine,  lecithin,  sphingoraylin 
and  inositol  phosphatide.  The  fi-ve  phospholipids  isolated  from 
platelets  -were  tested  in  all  possible  combinations  in  a  recalcifica- 
tion  system,  the  thromboplastin  generation  test  and  a  modified  thrombin 
generation  test.  Only  phosphatidylserine  and  phosihatidyle-bhanolamine 
had  clot  promoting  acti-vlty.  The  hicd>est  acti-vlty  resulted  from  a  com¬ 
bination  of  phosphatidylserine  and  lecithin. 

flummary  and  Conclusions: 

It  -was  possible  to  determine  the  distribution  of  lipids  in  blood 
platelets  by  mecuis  of  coointercurrent  distribution  and  colimm  chroma- 
togz-uphy.  As  a  resvilt  the  phospholipids  responsible  for  -the  clot 
promoting  actl-vity  of  platelets  -were  identified. 
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Task  09:  Physiology 
Subtask:  Cellular  Biology 

Study  2.  Purification  euvi  Identification  of  phosphatidylethemolamlne 
Investigators:  B.  Q.  Therrlault,  Pb.D.  and  J.  Iterkay,  M.S. 

Description; 

Existing  chroDatographlc  methods  for  the  separation  of  hraln  phospho¬ 
lipids  proved  Inadequate  for  the  purification  of  phosphatldylethanolamlne . 
In  this  study  a  method  vas  developed  to  obtain  phosphatldylethanolamlne 
from  beef  brain  in  a  pure  state. 

Progress; 

A  crude  lipid  extract  was  first  fractionated  by  countercurrent  dis¬ 
tribution  in  a  solvent  system  consisting  of  carbon  tetrachloride-methanol- 
vater,  62:35!^  by  volume.  Hils  resulted  in  the  complete  sepeuration  of 
phosp^tldylserlne  from  phosphatldylethanolamlne.  The  phosphatldylethano- 
lamlne  fraction  vas  then  purified  by  silicic  acid  column  chromatography. 
The  pure  phosphatldylethanolamlne  vas  identified  by  paper  chromatography 
of  the  intact  phospholipid  and  of  the  acid  hydrolysis  products,  as  veil 
as  by  elemental  analysis. 

Summary  and  Conclusions: 

Chemically  pure  phosphatldylethanolamlne  vas  obtained  by  counter- 
ctirrent  distribution  and  silicic  acid  chromatography. 


Erojeet  Mb.  6X99-26-001.  Basic  Research  In  Life  Sciences 
Task  09;  Physiology 
Subtask:  Cellular  Biology 

Study  3<  Column  chromatographic  separation  of  non-llpld  contaminants 
from  lipid  extracts 

* 

Investigators:  D.  G.  Iherrlault,  Ph.B.  and  G.  Rouser,  Ph.D. 

Description; 

Lipid  extracts  of  biological  material  in*.rarlably  contain  non-lipid 
contaminants  4  the  removal  of  vhich  presents  a  difficult  auid  often  a  time-  . 
consuming  problem.  Ihe  removal  of  non- lipids  Is  essential  In  studies 
concerned  vlth  the  quantitative  determination  of  lipids  In  biological 
material . 

Progress; 

As  much  as  1.0  gm  of  lipid  extract  dissolved  in  chlorofoim-methanol 
7:3  pltis  vater  Is  applied  to  a  cellulose  column  pretreated  with 
methanol-water j  1:1  followed  by  equilibration  with  chloroform  methanol 
7:3  plus  3^  water.  The  bulk  of  the  lipid  is  eluted  with  200  ml.  of 
chloroform  methanol  7:3  plus  3^  water.  By  changing  the  eluting  solvent 
to  chloroform-methanol-water  li-:15;l  by  volume,  gangllosldes  mixed  with 
some  non-llpld  contaminants  are  eluted.  The  non-llpld  material  cem  then 
be  eluted  with  methanol-water  1:1.  Recovery  of  the  applied  materlsQ.  Is 
100^6,  and  the  gangllosldes  may  be  further  purified  by  dialysis  against 
distilled  water.  Chloroform-methanol  extracts  of  beef  brain  contain 
approximately  10^6  non-llpld  materlsJ.. 

Summary  and  Conclusion; 

A  coliann  chromatographic  technique  was  developed  using  cellulose 
powder  packing  to  quantitatively  separate  non-llpld  material  from 
lipid  extracts  of  beef  brain. 
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Project  No.  6!}C99“g6-001.  Basic  Regecurch  In  Life  Sciences 
Task  09:  Riyslology 
Suibtask:  Celliilar  Biology 

Stoidy  4.  Effects  of  tenqpermture  ar^  pH.  on  the  rate  ,  of  oxygen  dis¬ 
sociation  from  the  red  hlood  cell 


Investigator:  V.  H.  Isnrson,  Jr.,  Captain,  MC 
Description! 

nie  equilibrium  between  oxygen  and  human  red  hlood  cells,  oxyhemo¬ 
globin  dissociation  curve,  hM  been  studied  by  other  investigators  vlth 
respect  to  the  effect  of  variable  temperature  and  TpE.  Little  work  has 
been  done  on  the  effect  of  temperature  and  pH  on  the  rate  of  deoxy- 
genatlon  of  human  red  blood  cells  in  vitro,  l.e.,  the  rate  of  approach 
to  a  new  equilibrium  at  a  lowered  oxygen  tension.  Vlth  respect  to 
oxygen  exchange  between  blood  and  peripheral  tissue,  the  equilibrium 
between  blood  and  oxygen  detexmlnes  how  much  oxygen  will  be  given  up 
by  the  blood  given  time  to  reach  equilibrium;  and  the  rate  of  deoxQr- 
genatlon  detexmlnes  how  rapidly  this  oxcygen  will  be  given  up. 

Progress  emd  Conclusions: 

1.  Two  different  experimental  lines  of  evidence  ixidlcate  that 
lla2S20i|.  does  not  react  with  the  hemoglobin  inside  Intact  red  cells  dur¬ 
ing  the  brief  time  of  e:qposure. 

2.  Reducing  blood  teaqperatuxp  from  37°C  to  7°C  at  pH  7*3  In- 
cz^ases  the  half  time  for  deoxygenation  from  0.04  to  0.8  sec.  There 
is  a  linear  xelatloxxshlp  between  the  log  of  the  velocity  constant, 

Kc  (fraction  of  total  change  per  second),  and  the  reciprocal  of  the 
absolute  temperature. 

3.  Decreasing  pH  from  7*3  to  6.7  at  either  37®,  22°,  or  5°C  by 
Inczeaslng  pCOo  from  43  mm  Bg  (6^)  to  149  nm  (20%),  decreases  the  half 
time  by  30^.  Thexm  is  a  linear  relationship  between  Kc  and  pH. 

4.  Abrupt  changes  in  PCO2  cmd  pH  produced  by  reacting  blood 
containing  low  COg  with  an  equal  volume  of  reducing  a^^ent  containing 
high  COg  have  only  about  1/5  the  effect  of  deoxygenation  xate  that 
would  be  expected  from  the  pCOg  and  pH  of  the  final  mixture .  This 
Indicates  that  the  time  reqiuir^  for  COg  to  diffuse  inside  the  red 
cell  and  foxm  carbonic  acid  is  limiting  the  effect  of  pH  change  in 
this  situation. 
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9.  Other  Investigators  have  shown  that  red  cells  remain  In  luxig 
tissue  capillaries  for  ahout  0.79  seconds  in  Intact  nan  at  37^C.  At' 

7^C  in  vitro  red  cells  have  only  given  tqp  shout  I/2  of  their  ioxygen  in 
0.75  seconds.  Hierefore,  it  would  appear  that  red  cells  in  perliheral 
cold  tissues  must  spend  more  tine  ^  the  capillaries  else  cm  oxygen 
debt  occurs.  Abrupt  decreases  in  sis' would  occur  when  eurterlal  blood 
at  noimal  pH  enters  acidic  tissue  capillaries,  only  subtly  xe'verses 
-the  decreased  rate  of  deoiygenatioh  produced  by  decreasing  tenqperature . 
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